High-molecular-weight chromosomal DNA from Roseburia cecicola, an oxygen-intolerant anaerobe, could be isolated only when the bacterial cells were kept under anaerobic conditions up to the time of cell lysis. When the cells were exposed to oxygen before lysis, the chromosomal DNA degraded. Likewise, linear but not covalently closed circular DNAs degraded in cell extracts of the organism that were exposed to atmospheres containing 02 but not in extracts that were maintained in a reduced state. Covalently closed circular DNAs were nicked but not degraded in the oxidized extracts.
Roseburia cecicola is a gram-negative oxygen-intolerant anaerobe isolated from murine cecal mucosa (10, 11) . While constructing a genomic library for the organism (J. H. Martin and D. C. Savage, J. Bacteriol., in press), we attempted to isolate high-molecular-weight chromosomal DNA. Most methods for isolating such DNA from gram-negative bacteria involve treating the cells with lysozyme, lysing them with sodium dodecyl sulfate, and gently extracting the nucleic acids with phenol-chloroform (8) . In some bacterial species, the nucleases present may not be inactivated by the detergent. As a consequence, EDTA is added to the buffer in which the cells are suspended (4) . In this report, we document that chromosomal DNA is degraded, even when EDTA is present, when R. cecicola cells are exposed to oxygen before they are lysed, and we demonstrate that linear but not plasmid DNA is rapidly degraded when it is incubated in extracts of R. cecicola cells that have been exposed to air.
The R. cecicola cells were grown anaerobically in prereduced VTY broth at 37°C in an atmosphere at 95% N2 and 5% CO2 (10) . All manipulations requiring anaerobic conditions were carried out in a Coy anaerobic chamber (1) in an atmosphere of 92% N2, 5% C02, and 3% H2. High-molecular-weight chromosomal DNA was isolated from the cells by the procedure of Marmur (8) , with modification. The cells were grown to a density of approximately 5 x 108 cells per ml and harvested by centrifugation at 6,000 x g for 20 min in centrifuge bottles with sealing caps. The caps form airtight seals to preserve anaerobiosis in the bottles. The cells were washed once (also in airtight centrifuge tubes) in buffer containing 10 mM Tris chloride (pH 7.4), 0.1 M NaCl, 5 mM EDTA, and 10 mM cysteine (STEC). The cysteine was added to lower the oxidation-reduction potential of the buffer. The buffer was stored in the oxygen-free atmosphere in the anaerobic chamber. While they were still in the anaerobic chamber, the washed cells were suspended in STEC plus 4 mg of lysozyme per ml, after which the suspension was incubated for 30 min. During the lysozyme treatment, the cell suspension was separated into four fractions. One fraction remained in the oxygen-free atmosphere for 30 min. The other three fractions were exposed to air for 10, 20, or 30 min. The cells in each fraction were then lysed with sodium dodecyl sulfate, which was added to a concentration of 1%. Proteinase K (100 ,ug/ml) was also added at this time. All subsequent steps were conducted in air. The * Corresponding author. four solutions were then incubated for 1 h at 37°C in air. Phenol-chloroform extractions were performed gently for each fraction. The DNA was then precipitated with 2.5 volumes of cold ethanol and suspended in 10 mM Tris hydrochloride (pH 8.0)-i mM EDTA (TE). RNase (50 ,ug/ml) was then added to each solution. Additional phenolchloroform extractions were performed, after which the DNA was again precipitated in 2 volumes of ethanol. The DNA was suspended in TE and electrophoresed in a buffer containing 89 mM Tris base, 89 mM boric acid, and 2.5 mM EDTA (TBE) on a 0.3% agarose gel at 2 V/cm. DNA bands in the gels were visualized with ethidium bromide.
Electrophoresis of DNA isolated from cells which were not exposed to oxygen showed a relatively uniform high molecular weight of approximately 160 kilobases (Fig. 1) . The longer the cells were exposed to oxygen before they were lysed, however, the more disparate in size the DNA became. The methods of Waller et al. (13) , which involve the incorporation of either methylene green (0.005%) or toluidine blue 0 (0.006%) into growth media (VTY) containing DNA Test Agar (Difco Laboratories), were used in tests for extracellular nuclease activity. Such activity was not detected.
R. cecicola cells broken under oxygen-free conditions in a French press (9) were also assayed for the capacity to degrade DNA under aerobic and anaerobic conditions. In this case, however, the DNAs were those of bacteriophage X and a plasmid derived from pBR322. The bacterial cells were washed and suspended in a solution containing reduced anaerobic 30 mM sodium citrate, 150 mM NaCl, and 10 mM cysteine (pH 7.0) (rSSC). The cell suspensions were then loaded into a French press, and the chamber of the press was flushed with a stream of oxygen-free gas (5) . After the cells were disrupted, the suspensions were immediately transferred into tubes continuously flushed with oxygen-free gas, and then the tubes were placed in the anaerobic chamber. Linear X and plasmid DNA (pBR322 containing an 800-basepair DNA fragment from R. cecicola) was also placed in the oxygen-free environment and diluted into rSSC. The brokencell suspensions were then placed in six microfuge tubes with sealing caps, after which 300 ng of X DNA and 200 ng of plasmid DNA were placed in each of the tubes. The tubes were sealed and removed from the chamber. Some tubes were immediately exposed to oxygen. Thereafter, tubes were exposed to air every 10 min for 30 min and every 15 min thereafter for up to 1 h. Tubes which were not exposed to air until DNA was extracted served as zero-time controls. The suspensions in all of the tubes were extracted with phenolchloroform and then with chloroform. DNA was precipitated with 2 volumes of ethanol, washed once with 70% ethanol, redissolved in TE, and electrophoresed in TBE with a 0.7% agarose gel. In as little as 10 min of exposure to the atmosphere containing 02, the X DNA was extensively degraded. However, the plasmid DNA was not degraded but was only nicked and converted from the covalently closed circular form to the open circular form (Fig. 2) . Some nucleic acid degradation was also detectable in the zero-time controls in these experiments (Fig. 2, lane 3) . We concluded, however, that the degraded material was most probably high-molecular-weight sequences of the nucleic acids of the anaerobe broken by the French pressure cell and not degraded A DNA.
Strand breakage of linear DNA by oxidized R. cecicola cells and cell extracts may be due to free radical strand scission (2, 12) or to one or more nucleases activated either directly or indirectly by oxygen or high reduction-oxidation potentials. Autoxidation of cysteine (3) or oxidation of other substrates (7) may cause the formation of hydrogen peroxide and free radicals, which are able to degrade DNA (3, 6, 7) . R. cecicola apparently has a repair system for UV-damaged DNA (11) . That system may not be derepressed by peroxide, however, as is the one in Escherichia coli (6) . Alternatively, the system may not be synthesized once cells are exposed to air. Thus, the DNA could then be degraded by the peroxide or by a specific nuclease. Neither boiling the extracts anaerobically nor adding potential inhibitors of free radicals and peroxides such as catalase, superoxide dismutase, mannitol, and histidine (in concentrations similiar to those used by Brown and Fridovich [2] ) obviously blocks the degradation of the DNA (data not shown). Moreover, the proteases papain, trypsin, protease type XIV (pronase E), and proteinase K do not obviously block the activity (data not shown). In these inhibition experiments, however, DNA degradation was assayed by electrophoresis in agarose gels as described above. We regard the findings as qualitative at best and therefore preliminary. Quantitative tests await an appropriate assay, which is now under development.
Whatever its mechanism, the strand scission detected suggests that the sensitivity of R. cecicola to oxygen may be due, at least in part, to degradation of its chromosomal DNA in atmospheres containing oxygen. Such degradation may also take place in cells upon exposure to oxygen and complicate isolation of chromosomal DNA from oxygenintolerant bacteria other than R. cecicola.
